Objective: To investigate whether subjects consuming a fat-reduced, high-simple carbohydrate diet (SCHO) are at greater risk of micronutrient inadequacy than subjects consuming a fat-reduced, high-complex carbohydrate (CCHO) or a normal-fat diet (control, CD). Design: A 6-month randomised controlled dietary intervention trial with a parallel design. Methods: In total, 46 overweight (BMI: 24.4-36.3 kg/m 2 ) subjects (19 males, 27 females) aged 21-54 y consumed one of three ad libitum diets: SCHO, CCHO, or CD. Nutrient intake was assessed by a 7-day weighed food record. Results: Self-reported energy intake did not differ between diet groups. The lowest intake of vitamin B 12 was found in the SCHO group vs CCHO (P ¼ 0.025) and vs. CD (P ¼ 0.012). In men, zinc intake was lower on the SCHO diet compared to the CD diet (P ¼ 0.018). The recommendations for zinc and vitamin B 12 were, however, met by all the diet groups. No other diet differences were observed. Intake of several micronutrients were insufficient in all three diet groups, although in most cases comparable to average Danish intakes. Conclusion: Zinc intake in men and vitamin B 12 intake in the combined gender groups were lower on a fat-reduced, simple carbohydrate-rich diet compared to a habitual, normal-fat diet, but not below recommended levels. Sponsorship: The EU-FAIR program (PL 95
Introduction
The Nordic dietary guidelines recommend a low-fat diet with maximum 30% of the energy (E%) coming from fat, and 55-60E% coming from carbohydrate (NCM, 1996) . Furthermore, adults with low energy intakes (o8 MJ/day), as well as children (o12 y), are advised to keep their intake of refined sugars below 10E% (NCM, 1996) . A high sugar intake is thought to contribute to an increased risk of inadequate dietary intake of micronutrients or fibre (Astrup & Raben, 1996; NCM, 1996; Ruxton et al, 1999) . Thus, the satiating effect of sugars has been assumed to lead to reduced intake of more nutritious foods (Rugg-Gunn et al, 1991; NCM, 1996) . This proposed micronutrient diluting effect of a high-sugar diet is, however, based on work carried out in the 1960's (Cohen et al, 1961; Yudkin, 1964; Cohen & Teitelbaum, 1966) . More recent studies are, on the other hand, limited to cross-sectional epidemiological studies with highly inconsistent results of no change, increase or decrease in nutrient density with increasing sugar consumption within the normal range (as reviewed by Astrup & Raben, 1996; Bolton-Smith, 1996; Ruxton et al, 1999) .
The present work was therefore undertaken to investigate whether subjects consuming a fat-reduced but unusually high-simple carbohydrate diet (SCHO) are at greater risk of vitamin or mineral inadequacy than subjects consuming a fat-reduced, high-complex carbohydrate diet (CCHO) or a habitual, normal-fat diet (control, CD).
Methods
Design Nutrient intake data from 46 Danish subjects who completed the 6-months European multicentre intervention trial, CAR-MEN (CArbohydrate Ratio Manipulation in European National diets) were examined. The CARMEN study included 398 overweight to obese men and women from five different European research centres (Saris et al, 2000) . Participants were allocated by stratified randomisation in a parallel design to consume one of three experimental diets ad libitum for 6 months: a fat-reduced, high-simple carbohydrate diet (SCHO), a fat-reduced, high-complex carbohydrate diet (CCHO), or a habitual, normal-fat diet (CD, serving as control). Prior to the intervention, participants completed a 5-week run-in period with habitual dietary intakes to become accustomed to an experimental shop system, described below.
Informed consent was obtained from each subject and the study was approved by the Municipal Ethical Committee of Copenhagen and Frederiksberg to be in accordance with the Helsinki II declaration.
Experimental shop system
About 70% of all dietary intakes was supplied, free of charge, by self-selection once or twice a week from a specially designed experimental shop at our department. The shop had a wide selection of 100-150 conventional food items, organised according to the diet groups. A comprehensive list of available food items in each diet group is presented in Appendix A, whereas Appendix B gives an example of a typical day-menu according to the diet group. Subjects were told to eat as much as they liked until they felt pleasantly satisfied. Thus, food items were chosen on an ad libitum basis, although limited to cover between 75 and 125% of estimated daily energy needs, and at least 70% of total fat and 50% of total carbohydrate intake for each individual. Individual dietary goals were based on predicted energy expenditure (EEpred) (kJ/day), calculated as: predicted basal metabolic rate (kJ/day) (FAO/WHO/UNU, 1985) Â physical activity level as determined by an activity questionnaire (Baecke et al, 1982) . Habitual intakes of energy (EIrec), fat (FATrec), and carbohydrate (CHOrec) according to a 7-day food record performed during the run-in period as well as national fat (FATnat) and carbohydrate (CHOnat) intakes (NFA, 1996) were used as factors in the following way: As fresh fruit (except for the SCHO group), vegetables, fish, and meat were not provided by the experimental shop, subjects were encouraged to supply these food groups from conventional supermarkets, still in line with their individual dietary goals.
Individual purchases were registered by a barcode scanner and a computerised system, serving to check that purchased foods were in accordance with individual goals for diet composition. This method was previously developed and validated at our department (Skov et al, 1997) . Subjects were carefully instructed on how to achieve their individual dietary goals. These goals were further emphasised at monthly educational group meetings, which had the additional purpose of improving compliance.
Subjects and food intake Self-reported nutrient intake data from the 46 overweight to obese subjects (BMI: 24.4-36.3 kg/m 2 (range), 19 men and 27 women) aged 21-54 y who completed the CARMEN study were included in the present analysis. Anthropometric data of these subjects at the time of the data collection did not differ between groups (Table 1) . Measurements were performed in accordance with standard procedures, as described in Vasilaras et al (2001) . The subjects completed seven weighed food records, of either 3 or 7 days of duration, during the entire study period, following careful instructions from dieticians. The present work is based on a 7-day food record, which took place in the last week of the intervention. All subjects were provided with a digital kitchen scale with an accuracy of 1 g (Soehnle 8020 and 8009, Soehnle-Waagen GmbH & Co., Murrhardt, Germany). Alternatively, intakes were measured by household units or standard portion sizes. Personal recipes and packaging from food items bought outside the shop were also included in the calculations.
Energy and nutrient intakes were calculated using a computerised version of the Danish Nutrient Database, The adequacy of micronutrient intakes were evaluated by comparisons with the Nordic Nutrition Recommendations (NCM, 1996) .
Statistical analysis
Differences between groups in anthropometric and macronutrient intake data (normally distributed) were tested by one-way analysis of variance (ANOVA), and results given as means 7 standard error of means (s.e.m.). When ANOVA indicated a significant group effect, post hoc comparisons were made, with Bonferroni adjustment of significance levels for the pairwise comparisons, using unpaired t-tests.
Due to non-normality of residual distribution (Shapiro-Wilk test), extreme values, and no suitable transformations for several variables, micronutrient intakes were tested by a non-parametric test (Kruskal-Wallis test). When the test indicated a significant group effect, post hoc comparisons were made with the Mann-Whitney test (two-tailed significance levels) for pairwise comparisons. Results were given as median and range (minimum-maximum).
The significance level was set at Po0.05. 
Results

Energy and macronutrients
Average self-reported energy and macronutrient intakes, as well as predicted energy needs, in the three intervention groups are shown in Table 2 . No group effects were observed in predicted energy needs; the energy density of the diets; or energy, alcohol, or dietary fibre intakes (Table 2) . Total carbohydrate intake showed a tendency to a difference between diets (P ¼ 0.055). This difference was significant looking separately at the two carbohydrate types (simple Po0.001 and complex P ¼ 0.005 carbohydrates; Table 2 ). Subjects in the SCHO group had the highest intake of simple carbohydrates (vs CCHO Po0.001, vs CD P ¼ 0.003), whereas the CCHO group consumed most complex carbohydrates (vs SCHO P ¼ 0.019, vs CD P ¼ 0.013). The deviation in the intake of the two carbohydrate types was reflected in a highly significant difference in the simple to complex carbohydrate ratio between diet groups (Po0.001), being highest in SCHO (vs CCHO Po0.001, vs CD P ¼ 0.048) and lowest in CCHO (vs CD P ¼ 0.009; Table 2 ). Thus, intake of the two carbohydrate types corresponded well to the planned dietary goals. As prescribed, the fat intake also differed between treatments (P ¼ 0.004; Table 2), with subjects on the CD diet consuming more fat than subjects on either carbohydrate-rich diet (vs SCHO P ¼ 0.005, vs CCHO P ¼ 0.026; Table 2 ). Diet differences were also seen regarding protein intake (P ¼ 0.016), which was higher in the CCHO group as compared to the SCHO group (P ¼ 0.016; Table 2 ).
Micronutrients
Median and range (min-max) intakes of the assessed vitamins and minerals according to diet groups, as well as Nordic Nutrition Recommendations (NCM, 1996) , are shown in Table 3 . In men, intake of zinc differed between diets (P ¼ 0.044) and was higher in CD (18.2 mg/day) as compared to SCHO (11.7 mg/day, P ¼ 0.018 ). Analysing both genders together revealed diet differences in vitamin B 12 intakes (P ¼ 0.021), being lowest in the SCHO group (4.0 mg/ day) vs CCHO (5.0 mg/day, P ¼ 0.025) and vs CD (6.0 mg/day, P ¼ 0.012). No other diet differences were observed in men, women, or the combined gender groups.
Micronutrient intakes compared to recommendations
Fat-soluble vitamins. In all three diet groups, and for both genders, median intake of vitamins A, D, and E was generally below the respective recommendations, although with great variability within the groups (Table 3 ). The only exception was vitamin A intake in men in the CD group, which was higher than the recommended 900 mg RE/day (NCM, 1996) . Furthermore, no men in the CD and no women in the SCHO group reached recommended levels for vitamin D, whereas no men or women in the CD group reached recommended vitamin E levels (NCM, 1996) .
Water-soluble vitamins. Median intake of the B vitamins riboflavin, niacin, vitamin B 6 , and vitamin B 12 , all fulfilled the recommendations (Table 3) . Although intake of vitamin B 12 differed between the diet groups (Table 3) , recommendations (2.0 mg/day) were met by all subjects (NCM, 1996) (Table 3, Figure 1 ). Recommended intake of thiamin was not reached by men in the SCHO group, while median intake of folate was below recommendations in all, except men in the CD group (NCM, 1996) (Table 3) . Median vitamin C intake was below recommended intakes in men in the SCHO group and women in the CCHO group (Table 3) .
Minerals. Median intake of potassium fell below recommended intakes for both genders in the SCHO group and for women in the CD group (Table 3) . Median intakes in both genders and all diet groups reached recommended intakes of calcium, phosphorus, and zinc (Table 3) . Intake of zinc in men differed between the diet groups, but recommendations were achieved by individuals, which is apparent from Figure 2 . Lower median intakes of magnesium were observed only in men in the SCHO group. Regarding median iron intakes, clear gender differences were observed, with intakes inadequate only in fertile women (Table 3) . Median iodine and selenium intakes were insufficient according to the recommendations in all but men in the CCHO group for iodine and men in the CD group for selenium (Table 3) .
Discussion
Diet differences
The present work was undertaken to evaluate a possible micronutrient diluting effect of a fat-reduced, high-sugar diet eaten ad libitum for 6 months. Comparing the sugar-rich diet with the starch-rich or habitual, normal-fat diet showed only significantly lower intakes of zinc in men and of vitamin B 12 in the combined gender groups. Intakes of both micronutrients were, however, adequate according to the Nordic Nutrient Recommendations (NCM, 1996) . No other significant diet differences were seen between the three diet regimens.
The differences in zinc intake between men in the groups could be explained by the carbohydrate-rich groups eating less meat, leading to lower supplies of zinc. This is supported by the finding of the lowest protein intake in the SCHO group, whereas the highest intake found in CCHO probably is due to higher intakes of protein-rich vegetables.
The findings of the present study are in line with previous findings. Several reviews on associations between sugar consumption and micronutrient dilution have suggested that nutrient inadequacies on a high-sugar diet only tend to occur in vulnerable groups with low-energy intakes, generally women and children (Astrup & Raben, 1996; Bolton-Smith, 1996) . For the general population with an adequate energy intake nutrient adequacy can be achieved across a wide range of dietary sugar intakes, namely from 4 to 20E% in adults (Bolton-Smith, 1996; Ruxton et al, 1999) . The present study achieved an average simple sugar intake of 26E% in the sugar-rich group. Too high or too low sugar Micronutrient intake on a sugar-rich diet TH Vasilaras et al intakes are suboptimal, as consumers with moderate sugar intakes appear to have the most adequate micronutrient supply, with diets that better approach dietary recommendations (Gibney et al, 1995; Gibson, 1997) . Intake of most nutrients is positively correlated with total energy intake (NFA, 1987; DH, 1989; van Erp-Baart et al, 1989; Willett, 1990) , and likewise, subjects with the highest energy intakes are at lesser risk of inadequate micronutrient intake. Furthermore, energy intake is a more reliable indicator of micronutrient intake than sugar consumption (DH, 1989; van Erp-Baart et al, 1989; Gibney et al, 1995) .
Intake vs recommendations
Of more concern in the present study is that intake of several vitamins (vitamins A, D, E, and folate) and minerals (iodine) was generally low, as well as iron in these fertile women. In addition, a few subjects had low intakes of thiamin, vitamin C, magnesium, and selenium. It is important to note, however, that only intakes of vitamins A and E were lower than average Danish intakes (NFA, 1996) , and that low intakes overall were evenly distributed among the three study groups.
The content of micronutrients in the average Danish diet is generally satisfactory, compared to the Nordic recommendations (NCM, 1996) . The same applies to folate, thiamin, vitamin C, magnesium, and selenium intake at levels similar to those in the present study. Inadequate Danish intakes are those of vitamin D, iodine, and iron for fertile women (NFA, 1996) .
The observed low intakes of vitamins A and E in the present study, which were lower than habitual Danish intakes, are difficult to explain. The low values were evenly distributed among diet and gender groups. The significant proportion of individuals not achieving recommended dietary intakes is not unique to Denmark, but has been reported throughout Europe and USA, raising questions regarding current dietary recommendations (Gibney et al, 1995) .
Advantages and limitations of the present study Real-life settings. An obvious advantage of the present study was the almost free-living circumstances under which it was conducted. All food items used were normal, commercially available, and collected from a shop comparable with conventional supermarkets. Moreover, a wide range of alternatives were offered in each diet group, and the food was consumed on an ad libitum basis, that is, diet composition was fixed, but total energy intake was unrestricted (within 75-125% of daily energy needs). It was the appetite of each individual that governed their energy intake. This makes the experimental shop an elegant device for offering the desired degree of control over energy and micronutrient content in the purchased food items, but in a quite natural setting. The interventions are therefore realistic, and mimic what would happen in real life closer than conventional dietary interventions.
Number of participants. The present study has some limitations that cannot be overlooked. Firstly, the data set consists of nutrient intake from as little as 46 subjects, which after divisions in diet and gender groups, resulted in group sizes of five to nine subjects. Such small numbers necessitate that results are interpreted carefully and generalisation is limited.
Under-reporting and undereating. Another disadvantage is the fact that intakes are based on self-reported dietary intakes. The use of a validated shop system (Skov et al, 1997) , combining self-selection of foods with a computerised system calculating energy and macronutrient content did, however, increase compliance (Saris et al, 2000) . Further adherence to the diets were encouraged by the monthly group meetings with the dieticians.
In a subgroup of 29 participants from the present study, energy expenditure was measured by indirect whole-body calorimetry in our respiration chambers. No tendency to under-reporting of total energy intake was seen in this group, as no differences were observed by comparison with selfreported total energy intakes (measured by a 7-day food record prior to the chamber stay), and 24-h energy expenditure (Vasilaras et al, 1997) .
The results in the present paper are, however, still based on a single self-reported 7-day food record for each individual, and both under-and over-reporting, as well as undereating, could be an issue of concern. Under-reporting might be anticipated because it is a general phenomenon, especially in the obese (Prentice et al, 1986; Lissner et al, 1989; Bandini et al, 1990) ; and over-reporting, because the foods were free of charge, and subjects could justify their ample collections from the shop by reporting equally high energy intakes. We can never be sure if they actually consumed all of their purchases themselves (even if they corresponded to the dietary records), or shared it with their families. In addition, undereating has most likely occurred as subjects were under a degree of surveillance throughout the study, which was intensified during periods of food recording (Goris et al, 2000) . That both over-and under-reporting occurred is obvious looking at the ranges of self-reported total energy intakes (men: 7.5-19.4 MJ/day, women: 5.8-12.8 MJ/day), unless subjects deliberately tried to lose (ie undereat) or gain weight.
One could also speculate that the increasing concern about weight and diet, and also the awareness of fat and/or sugar intake in the population (Fricker et al, 1992; Heitmann et al, 2000) might impose an imbalance between treatment groups in the propensity to under-report specific nutrients. This is supported by the large number of studies indicating fat-and/or carbohydrate-specific under-reporting (Fricker et al, 1992; Heitmann & Lissner, 1995; Poppitt et al, 1998; Goris et al , 2000) , especially in foods less central to meals (Beerman & Dittus, 1993; Poppitt et al, 1998) .
In the present study, only the CCHO group reported an energy intake significantly lower than the predicted energy needs (Table 2 ). In our opinion these findings represent a true reduction in intake due to greater satiety and fullness on the complex carbohydrate diet, resulting in a spontaneous weight loss . This diet, corresponding to the recommended, is well-known to the public as the optimal healthy diet, and it seems unlikely that subjects would under-report their intakes. This is also supported by the weight loss observed (Saris et al, 2000; Vasilaras et al, in preparation 2003) . Likewise, a higher degree of underreporting would be expected on the sugar-and fat-rich diets, as these are 'forbidden' and intakes are associated with guilt (Fricker et al, 1992; Heitmann & Lissner, 1995; Poppitt et al, 1998) . This is somewhat supported by remarks among our own participants, which are reflected in the population in general. Prejudices against the 'fattening' and 'unhealthy' properties of sugar seemed both age and gender dependent, as the greatest concern about high sugar intakes was found among women and older subjects, and not men and younger subjects (Vasilaras, Astrup and Raben, unpublished data 2003) . Gender and age distribution was, however, similar among groups, and should not itself cause differences between groups.
From Figures 1 and 2 it is seen that a low-energy intake is an important determinant of low intakes of vitamin B 12 and zinc, respectively. The lowest intakes are clearly below the energy requirements of these overweight subjects and underrecording and undereating are both likely explanations. The reported low intakes of zinc and vitamin B 12 , may therefore be an under-reporting artefact and/or transient decrease due to undereating.
In summary, only zinc intake among men and vitamin B 12 intake in both genders were reported to be lower on a fatreduced, simple carbohydrate-rich diet compared to a habitual, normal-fat diet. Intakes were, however, adequate compared to the Nordic Nutrition Recommendations. No other diet differences were observed in men, women, or the pooled data set.
Based on these findings, we therefore conclude that the micronutrient content supplied by ad libitum intake of a fatreduced, simple carbohydrate-rich diet, with the abovementioned reservations, was similar to that of a fat-reduced, complex carbohydrate-rich and a habitual, normal-fat diet in this group of 46 overweight and obese subjects. 
